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Abstract
Background: Physical activity is associated with improved physical and mental health among children, but many
children do not meet the recommended hour per day of moderate-to-vigorous-intensity physical activity (MVPA).
The aim of this paper is to investigate participation in active after-school clubs and active travel to and from school
at age 11 and estimate the average daily minutes of MVPA associated with active club attendance and active travel.
Methods: Accelerometer data were collected on three weekdays for 1296 11-year-old children in a cross-sectional
study. Children reported attendance at active after-school clubs and how they travelled to and from school for
each day of the week. To account for repeat days within child and clustering within schools we used multilevel
models with random effects at the school and child level, and fixed effects for all covariates. We calculated odds
ratios for participation in active after-school clubs and active travel for gender, measures of socio-economic position
and BMI category. We also explored the association between active club attendance, active travel and daily average
MVPA.
Results: Boys and girls were equally likely to attend active after-school clubs. Boys were more likely to travel to school
using active modes. Attendance at active after-school clubs and active travel home were not associated with each
other. Attending an active after-school club was associated with an additional 7.6 min (95% CI: 5.0 to 10.3) average
MVPA on that day among both boys and girls. Active travel was associated with an additional 4.7 min (95% CI: 2.9 to
6.5) average MVPA per journey for boys and 2.4 min (95% CI: 1.0 to 3.7) for girls.
Conclusions: Both active after-school clubs and active travel are associated with greater physical activity on the day
that children participate in these, and we saw no evidence that those attending active clubs do so at the expense of
active travel home afterwards. While the increased daily MVPA is small to moderate, active after-school clubs and active
travel on multiple days of the week could make important contributions as part of complex interventions aimed at
increasing population levels of physical activity in children.
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Background
Physical activity in children is associated with reduced
risk of obesity and improved emotional well-being in
childhood [1], as well as lower levels of a number of
risk factors for cardiovascular disease and type 2 dia-
betes [2]. It is recommended that all children and
young people should engage in an average of an hour
per day of moderate-to-vigorous-intensity physical ac-
tivity (MVPA) [3] but many children do not meet
these guidelines, with girls less active than boys at all
ages [4, 5].
Most interventions aimed at increasing children’s
physical activity have been delivered during school time
[6, 7]. However, schools often face difficulty in timetab-
ling additional physical activity sessions, and so there is
a need to understand the role of school-orientated phys-
ical activity outside of the curriculum. The after-school
period has been described as ‘critical hours’ for young
people’s physical activity as it is a period of time when
children can decide if, and how, they are to be active [8].
Data from the Avon Longitudinal Study of Parents and
Children showed that the highest peaks of physical activ-
ity within a day occurred during the after-school time
period [9]. There is therefore a need to explore different
options for physical activity during this time, such as
extra-curricular programmes and active travel, and how
they contribute to activity levels.
Physical activity-based clubs in a school setting outside
of the curriculum (‘active after-school clubs’) have the
potential to facilitate physical activity for children, by
utilising school space and often school staff. Current
provision of active after-school clubs in the UK is high,
with 91% of schools offering at least one, and on average
4.8 active clubs a week, to pupils aged 9–11 years, with
the majority being team-based sports [10]. There is little
information on the current levels of participation in ac-
tive after-school clubs, although previous data from our
study [11] found higher participation among 8–9 year
old boys than girls. While several studies have explored
the potential for increasing children’s physical activity
via after-school programmes, evidence for the effective-
ness of such interventions is mixed and shows consider-
able variation [8, 12–14]. In particular, some studies
suggest that boys may gain more MVPA benefit than
girls [15, 16], but evidence of a gender difference is in-
conclusive. Moreover, without information on participa-
tion in such programmes, it is difficult to say how they
could affect physical activity in the general population.
Active travel to and from school is an important
source of regular, daily physical activity for children. In
the UK the proportion of primary school children walk-
ing to school has remained around 50% between 2002
and 2017 [17], whereas in the US some studies suggest
that rates of active travel may be declining [18]. In
addition, those who actively travel to school are 30%
more likely to actively travel to other destinations [19].
Active travel is associated with increased MVPA but not
lower body weight [20], and while some studies have
found differences in the benefits of active travel between
boys and girls, again the evidence is inconclusive.
Active after-school clubs and active travel home from
school are potentially competing activities in the after-
school period, and it is possible that any increase in
MVPA for a child who attends an active after-school
club is offset by then not actively travelling home, for ex-
ample due to the change in their usual arrangements
[21]. It is therefore important to understand the inter-
play between active travel and after-school club attend-
ance in contributing to daily physical activity.
Furthermore, understanding who is currently participat-
ing in each type of activity may help in targeting inter-
ventions or messaging to specific subgroups. In this
paper, we analyse daily data rather than aggregating
across the week. The main benefit of this is being able
to reduce within-child variability and compare the
MVPA on a day with an active club and/or active travel,
compared to a day without for the same child. It also al-
lows us to explicitly explore whether an active club after
school replaces or supplements active travel home. The
aim of this paper is to investigate participation in active
after-school clubs and active travel at age 10–11, and
whether there is any relationship between the two after-
school activities. In addition, we look at the association
of club attendance and active travel with daily minutes
of MVPA.
Methods
Data are from the B-PROACT1V study, a longitudinal
study that examined the physical activity and sedentary
behaviours of primary school children aged 5–11 years,
and their parents [5, 11, 22]. This paper uses cross-sec-
tional data collected between March 2017 and May 2018
from Phase 3 of the study, when the children were aged
10–11 years, and comprises 1296 participants from 50
schools in the southwest of England. Of these, 708 par-
ticipated at baseline in 2012/13, and 588 were new par-
ticipants. The study received ethical approval from the
School of Policy Studies Ethics Committee at the Uni-
versity of Bristol, UK, and written parental consent was
received for all participants [23].
Accelerometer data
Children wore a waist-worn ActiGraph wGT3X-BT ac-
celerometer for three weekdays and two weekend days.
Accelerometer data were processed using Kinesoft
(v3.3.75; Kinesoft, Saskatchewan, Canada) and analysis
was restricted to those children who provided at least 1
day of valid weekday data. A valid day was defined as at
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least 500 min of data, after excluding intervals of ≥60
min of zero counts allowing up to 2 min of interruptions
[4]. Data were recorded at 10 s intervals and charac-
terised as sedentary, light or MVPA using Evenson
population-specific cut points for children [24]. The
average number of MVPA minutes for each weekday
were derived for each child, and we recorded the num-
ber of minutes the accelerometer was worn on each day.
We also derived the average weekend MVPA for each
child to use as a proxy for non-school day physical activ-
ity levels, as using daily levels of MVPA is likely to be in-
fluenced by participation in active after-school clubs and
active travel.
Active after-school clubs and travel
Children completed a questionnaire at the time acceler-
ometers were issued, and were asked, for each day of the
week, whether they typically attended an after-school
club at their school focussed on playing a sport or being
active (excluding general after-school childcare clubs).
These responses were coded as ‘Yes’ or ‘No’ for each day
of the week. In addition, they were asked how they trav-
elled to and from school for the main part of their jour-
ney on each day of the previous week, with options
walk, bicycle, scooter, car or public transport. These
were coded as either active travel (walk, bicycle or
scooter) or non-active travel (car or public transport).
Other measures
Child height and weight were recorded to the nearest
0.1 cm and 0.1 kg by trained fieldworkers, and body mass
index (BMI) was calculated and converted to an age-
and sex-specific standard deviation score based on UK
reference curves [25, 26]. These were used to create age-
and sex-specific overweight and obesity indicators using
85th and 95th percentiles, respectively. As less than 2%
of children were underweight, we did not analyse them
as a separate category but included them in the healthy
weight category.
As different indicators of socio-economic position
measure different, but often related, aspects [27, 28], we
included two such measures: household education,
which provides an indirect indication of income, and the
index of multiple deprivation (IMD) for the neighbour-
hood in which the child lived, an area-based measure
which captures the socio-economic conditions of the
area. An adult in the household was asked the highest
education qualification of anyone in the household, with
categories ‘Up to GCSE/ O level or equivalent’ (UK
qualification usually acquired at age 16), ‘A level/NVQ
or equivalent’ (qualification usually acquired at age 18),
‘University Degree/HND or equivalent’ and ‘Higher De-
gree (MSc/PhD) or equivalent’. Where education data
were missing (n = 215 (17%)), we used a response from
earlier phases of the project if available. In 32 cases the
response from Phase 1 was used, in which the respondent
(mostly mothers) was asked for their own education rather
than the highest in the household and so highest household
education may be underestimated for these respondents.
Indices of Multiple Deprivation (IMD) scores, based on the
English Indices of Deprivation (http://data.gov.uk/ dataset/
index-of-multiple-deprivation), were assigned to each child
based on their reported home postcode. Higher IMD scores
indicate a greater level of deprivation.
Statistical analysis
We compared child characteristics in the sample to
baseline measurements from Phase 1 at age 6. Child
characteristics and overall participation in active after-
school clubs and active travel were summarised. Average
MVPA, active after-school clubs and active travel were
additionally summarised by day, and the different modes
of transport described.
Analysis was conducted at the daily level to identify as-
sociations of clubs and travel with MVPA on the days
on which the activities occurred, so each child contrib-
uted data for a maximum of 3 days across the school
week. This also allowed us to explore whether those
who attended an active after-school club were less likely
to then actively travel home on that day. The three
weekdays of data collection depended on school avail-
ability, which is unlikely to be associated with children’s
MVPA, active clubs or active travel. Data were available
for every day of the week with slightly more on Mondays
and Fridays as the study also collected weekend data.
We compared participation in active clubs and travel be-
tween days with and without accelerometer measure-
ments, to see if there were any differences due to
collecting only three out of a possible five weekdays.
To account for repeat days within child and clustering
within schools we used multilevel models with random
effects at the school and child level, and fixed effects for
all covariates. We used logistic multilevel models to cal-
culate odds ratios for participation in active after-school
clubs and active travel by child characteristics (gender,
IMD, household education and BMI) and by weekend
MVPA, as an indication of how active a child generally
is. BMI associations were adjusted for confounders gen-
der, education and IMD. For active travel, we addition-
ally estimated the odds ratio for active travel home from
school after an after-school club by including active club
as a covariate in the model, adjusting for gender, house-
hold education, IMD, BMI category and average week-
end MVPA to see if an active club was replacing rather
than supplementing active travel. A negative coefficient
for the active club variable means that active travel is
less likely on a day with a club. We fitted models for ac-
tive travel both to and from school, but as the large
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majority of children (85%) use the same mode of travel
for both journeys in a day, we have reported results for
active travel home from school only.
To explore the association between active clubs and
travel and daily average MVPA, we used linear multi-
level models adjusted for accelerometer wear time,
day of the week, gender, BMI category, household
education and IMD. To explore possible gender dif-
ferences, we fitted models separately for girls and
boys and ran models with both genders included with
an interaction term between gender and participation.
We included all children who had valid accelerometer
data on at least 1 day (n = 1228; 5% excluded), with a
maximum of 3 days (65%), in the multilevel models,
under a missing at random assumption, which
amounted to 3206 days with measurements (Fig. 1).
Due to the way the questionnaire was administered,
there was very little missing active club and travel
data (2%) for these children. All analyses were per-
formed in Stata V.15.0.29 [29] and MLwiN [30]
within Stata, via the runmlwin command [31].
Results
The sample was broadly representative of the baseline
study in terms of gender, age and SEP, with slightly
fewer children who were obese at age 6 (Additional file 1:
Table S1). There were no differences in active club at-
tendance or active travel between days included in the
analysis when children provided accelerometer data, and
days when they did not (Additional file 1: Table S2).
Participant characteristics
Table 1 summarises the characteristics of the partici-
pants. Over half (57%) of children attended no active
after-school clubs, with an average of 0.7 clubs per week
per child. Average attendance for those who attended at
least one active after-school club was 1.7 days per week.
Active travel was consistent across the week, with 55%
of children travelling either to or from school on all 5
days of the week while 24% never used active travel.
Table 2 reports the prevalence of active travel to and
from school, participation in active after-school clubs
and daily average MVPA by day. MVPA varied across
the week, with children more active in the second half of
the week. Active travel did not vary across the week, and
journeys were consistent, with the majority of children
undertaking active journeys on all or no days (Table 1).
Active club attendance varied across the week, with
higher attendance mid-week. The most common forms
of travel were walking (47% of all journeys) and by car
(39%), with far fewer using scooters (7%), bicycles (5%)
or public transport (2%).
Participation in active clubs and travel
Figures 2 and 3 (see also Additional file 1: Tables S3 and
S4) summarise the odds ratios for factors associated with
participation in active after-school clubs and active travel
from school respectively. Both boys and girls were
equally likely to attend active after-school clubs, and
there was no difference in participation by BMI category.
Both measures of SEP were associated with club partici-
pation, with those living in less deprived areas and those
Fig. 1 Flow diagram of participants and missing data. *All 1207 participants with accelerometer and active travel data additionally have active
club data
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from households with higher educational qualifications
more likely to attend, with the odds of attending a club
for those from households where the highest qualifica-
tion was a University Degree 63% higher than those
from GCSE-qualified households. Children who were
generally more active, as defined by higher weekend
MVPA levels, were slightly more likely to attend an ac-
tive club: every 10 min extra average weekend MVPA
was associated with a 5% increase in the odds of attend-
ing a club. Patterns for active travel were different, with
the odds of using active travel 49% higher among boys
than girls. Those living in more deprived areas (higher
IMD) were less likely to use active travel, while those
from households with higher educational qualifications
were more likely to use active travel. We saw differences
in active travel by BMI category, with those who were
Table 1 Characteristics of sample
Mean (Sd) or % Missing N (%)
% female 52% 0 (0%)
Age (years) 10.9 (0.4) 110 (8%)
BMI z-score 0.35 (1.16) 11 (1%)
BMI category
Healthy weight 71%
Overweight 14%
Obese 15%
Household education 105 (8%)
GCSE 20%
A level 26%
University Degree 37%
Higher Degree 17%
IMD score 15.4 (14.4) 45 (3%)
Average weekday MVPA 60.4 (23.3) 69 (5%)
% with 1 weekday 8%
% with 2 weekdays 22%
% with 3 weekdays 65%
Number of active clubs (per week) 2 (< 0.5%)
None 57%
One per week 24%
Two or more per week 19%
Mean active clubs (per week) 0.7 (1.1)
Mean active clubs among those who do any active clubs (per week) 1.7 (1.0)
Active travel daysa (per week) 25 (2%)
None 24%
1–2 days 8%
3–4 days 12%
5 days 55%
Mean active travel daysa (per week) 3.3 (2.1)
aDays on which at least one journey is active travel
Table 2 Active after-school clubs, active travel and average
daily MVPA by day
Mon Tue Wed Thu Fri Mean (sd)
N 694 486 548 595 883 1228
Active club 13% 15% 17% 16% 12% 0.7 (1.1)
Active travel to school 58% 58% 58% 57% 58% 2.9 (2.2)
Active travel from school 60% 61% 60% 59% 59% 3.0 (2.2)
No. with accel data 694 486 548 595 883
Mean MVPAa (min) 53.7 56.1 66.9 62.7 63.4 60.4 (23.3)
(sd) (26.6) (25.7) (33.5) (27.1) (28.3)
aMean of the average daily MVPA
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Fig. 2 Odds Ratios for participation in active after-school clubs. Reference categories: Boys (Gender), Up to GCSE (Household education) and
Healthy weight (BMI category). Continuous variables: odds ratio for an increase of 10 mins in weekend MVPA, and an increase of 1 S.D. (14.4) in
IMD (higher IMD score is more deprived)
Fig. 3 Odds Ratios for participation in active travel (from school). Reference categories: Boys (Gender), Up to GCSE (Household education),
Healthy weight (BMI category) and No attendance at active club (Active club). Continuous variables: odds ratio for an increase of 10 mins in
weekend MVPA, and an increase of 1 S.D. (14.4) in IMD (higher IMD score is more deprived)
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obese were much less likely to use active travel, although
those who were overweight were slightly more likely to
use active modes of travel. Those who were generally
more active were more likely to use active travel. Chil-
dren who attended active after-school clubs were no less
likely to actively travel home than those who did not.
The results reported here are for active travel from
school; on 87% of days children who used active travel
from school also used active travel to school, and the
odds ratios and patterns were similar for the association
of participation in active travel to school (results avail-
able from corresponding author on request).
MVPA associated with active clubs and travel
Attending an active after-school club was associated
with an additional 7.6 min average MVPA on that day
for all children, compared to those not attending
(Table 3). The separate models by gender suggest that
boys gained around 3min more MVPA from active
after-school clubs than girls, but the large variability
means the importance of this differences requires further
examination in other datasets. Active travel was associ-
ated with an increase of 3.4 min per journey in average
MVPA on that day for all children, but gender differ-
ences were more marked. A boy who travelled both to
and from school using active travel had an average of
9.4 min (95% CI: 5.8 to 13.0) higher daily MVPA than a
boy who did not actively travel, whereas for a girl this
was an average of 4.7 min (95% CI: 2.0 to 7.4) higher
daily MVPA.
Discussion
Participation in active clubs and travel
Just over half of children attended an active after-school
club at least once a week. We found no difference in active
club participation between boys and girls, which is in con-
trast to our earlier results from Phase 2 of the study [11].
This is in part because previously we reported on all
school clubs, including those within school time, but may
also reflect a difference in either availability or uptake in
active clubs between Year 4 (age 8–9) and Year 6 (age 10–
11). In addition, there were no differences in participation
by BMI category. This suggests that the provision of
school-based extracurricular active clubs is a valuable
addition to equalising participation among groups who
are typically less active. However, children from more de-
prived areas and from households with lower educational
qualifications were less likely to attend clubs. This may re-
flect an income disparity, since around a third of after-
school clubs are paid for by parents [10]. Thus, there is a
need to ensure that these opportunities are accessible to
everyone, especially considering their ability to reach those
who are less active.
Active travel participation was high in our study, with
around 67% of children using active modes of travel on
3 or more days per week. This is higher than the na-
tional estimate of 51% for primary school children (ages
5–10) from the National Travel Survey 2017 [17] and
may reflect that the children in the current study are at
the top of the age range in the National Travel Survey.
Boys were around 50% more likely to use active travel
than girls. At an age when children who walk to or from
school are more likely to be unaccompanied by parents,
this may reflect safety concerns especially among parents
of girls. Active travel was associated with deprivation,
with lower levels of active travel in more deprived areas,
which may reflect characteristics such as distance to
school, traffic safety and perceptions of the environment
[32]. As active travel patterns seemed to be stable across
the week, replacing non-active modes of travel with
more active methods could have cumulative effects
across the week. One area of interest was whether those
attending active clubs might do so at the expense of
walking home. We saw no evidence of such displace-
ment, indeed, those who attended active after school
clubs were slightly more likely to also travel home
Table 3 Difference in average daily MVPA on days with active travel/clubs compared to days without
Difference in MVPA (min) 95% CI p-value
Active club (per club)
All 7.64 (5.00, 10.28)
Boys 9.15 (4.87, 13.43)
Girls 6.49 (3.26, 9.73)
Test for gender interaction 0.223
Active travel (per journey)
All 3.42 (2.31, 4.53)
Boys 4.70 (2.89, 6.52)
Girls 2.35 (1.01, 3.69)
Test for gender interaction 0.028
All models adjusted for day of week, wear time, gender, BMI category, household education and IMD
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actively. This suggests that the benefits of active after-
school clubs and active travel may be considered
cumulative.
We found that being more active generally (using
higher average weekend MVPA as rough indicator) was
associated with slightly higher participation in both ac-
tive after-school clubs and active travel. It is not clear if
children are more active because they do these activities,
or they choose to do them because they are more active.
MVPA associated with active clubs and travel
We found the benefits of active after-school clubs and
active travel to be small to moderate in size, with a daily
average MVPA of 7.6 min associated with an active
after-school club and 3.4 min per active travel journey
on that day. Replacing 10 min per day of sedentary time
with MVPA has been associated with improved cardio-
metabolic indicators [33] and our findings are compar-
able to those levels found in behaviour change
interventions [14]. It is important to recognise that the
relationship between activities such as active clubs and
travel, physical activity levels and health are part of a
complex system [34] and thus while individual behaviour
changes may not be effective alone, they may contribute
to a complex intervention along with other elements
that results in overall increases in physical activity at a
population level. Thus, while our observed increase of
5–8 min MVPA on a single day is modest in isolation, it
may form an important contribution when combined
with other behaviour changes of a similar size.
We found that girls received less benefit than boys
from active travel, which could reflect distance, walk-
ing speed or other behaviour during the journey. It is
less clear whether there is a gender difference in
MVPA for active after-school clubs, and previous evi-
dence has been likewise mixed [14]. This could reflect
difference choices of activities, although one previous
study [16] found that boys accumulated significantly
more MVPA compared with girls enrolled in the
same after-school programme. These potential gender
differences highlight the importance of engaging girls
as a priority for future work [35].
Implications
Our analysis examined active clubs and travel on a daily
basis, rather than averaging MVPA across the week,
which reduces within-child variability. Physical activity
guidelines are based on average weekly MVPA minutes,
so for comparability with other studies we must consider
whether these small daily increases are meaningful when
considering average MVPA across the whole week.
Previous work has highlighted important differences be-
tween physical activity patterns on weekdays and week-
ends [36], and this paper only considers weekday
activity. The observed differences in MVPA are based on
a maximum of three weekdays of data per child so we
must be cautious in extrapolating to the full week, al-
though weekdays with and without data were very simi-
lar in terms of MVPA and participation in active clubs
and travel. Over half of children did not attend any clubs
and those that did attended an average of 1.7 clubs a
week, with an MVPA increase of 7.6 min associated with
club attendance. Active travel, while offering smaller in-
dividual MVPA benefits of 4.7 min for boys (2.4 min for
girls) per journey, are more common and those that ac-
tively travel tend to do so all 5 days of the week. Thus,
for those children, this represents a steady contribution
on weekdays. While we cannot assume that a child who
currently engages in no active travel would necessarily
gain the same levels of MVPA if they were to move to
active modes of travel, active travel may offer the oppor-
tunity of small amounts of regular physical activity, espe-
cially for those who are typically less active.
School-orientated activity outside of the curriculum
offers an opportunity for schools to support and encour-
age active behaviour without the need to compromise
curriculum time. Active clubs offer opportunities to en-
gage those who tend to be less active and may be popu-
lar because of the ease of access via the existing school
setting [15]. In contrast, active travel offers the oppor-
tunity for small regular sessions of physical activity that
accumulate across the week, without the need for a for-
mal active setting. Children participate in each of these
activities depending on a combination of their personal
preference and family or external circumstances, and it
is encouraging to see that clubs are in addition to, rather
than replacing active travel. While circumstances may
not always allow both activities, currently just under half
of children attend no active after-school clubs, and 20%
of children use active modes of travel on some days but
not others. Thus, it may be beneficial to investigate ways
to encourage participation in existing active clubs, as
well as to support increased active travel among those
for whom it is feasible, with specific efforts to increase
girls’ participation.
Strengths and limitations
A strength of this study is the ability to analyse the data
at a daily level within children, to link active after-school
clubs, active travel and daily MVPA directly on the days
they are undertaken. This also avoids any attenuation ef-
fect of aggregating MVPA and clubs/travel over the
week, which can lead to underestimating the important
contributions of these activities to meeting PA guide-
lines. A limitation of this choice is that it is susceptible
to between-day variability in MVPA, although we have
accounted for this to some extent by including day of
week in our models. As child questionnaires were
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administered at the same time as the accelerometers
were issued, nearly all children with valid accelerometer
data also have data on active travel and clubs (98%) so
there is very little missing data. Although we are limited
in having only three out of five weekdays of accelerom-
eter data per child, the data collection process means
that the 3 days were allocated to schools effectively at
random, and we saw no differences in active clubs or
travel between days with and without accelerometer
data. We asked the child how they travelled to school in
the week prior to the accelerometer data, and so this
might dilute any association if either week were atypical.
We have cautiously interpreted average weekend MVPA
as an indication of how active a child generally is, but
differences between weekday and weekend levels of ac-
tivity mean that this may not always be representative.
In addition, as this is a cross-sectional analysis it is not
possible to establish the direction of the association be-
tween participation on activities and being active. Fi-
nally, data are from a single region in the UK and so
may not generalise to other settings.
Conclusions
Both active after-school clubs and active travel are asso-
ciated with greater physical activity on the day that chil-
dren participate in these, and we saw no evidence those
attending active clubs do so at the expense of active
travel home afterwards. Active after-school clubs and ac-
tive travel could make important contributions to levels
of physical activity if boys and girls took part. While the
increased daily MVPA is small to moderate, active after-
school clubs and active travel on multiple days of the
week could make important contributions as part of
complex interventions aimed at increasing population
levels of physical activity in children.
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